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IS 


A valve mechanism for a needldc s s connector employs a deformable 
piston having a piston head of elliptical crb^S-section vhb a marquise-shaped 
bore formed along its longitudinal axis wherein die major axes of the 
respective generally elliptical shapes are oriented perpendicular to one 
another. The pifscoa head is captured within the connector housing and is 
reciprocal betweena section of reduced diameter adjacent the connection port 
and a section of enlarged diamete r. Constraining the piston bead imo the 
seaion of reduced diameter causes the elliptical bore to be squeezed shut 
while positioning the piston head id the Section of enlarged diameter causes 
the piston head to relax and assume its 'natural elliptical drape, while the bore 
similarly regains its natural open shape to provide a fluid path, therethrough. 

, A compressible or Vendible section affixed to the piston head serves to bias 
the piston into the Section of reduced diameter, 'A tapered section of the 
piston contacts the- housing to secure the top of the piston flush with, the cep 
of the bousing for case in cleaning. 
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NEEDLELESS CONNECTOR VALVE 

• • ■ • 

BACKGROUND. 

The inTcntion relates generally to connectors of the type used in the • 

handling and idminutrarion of parenteral fluids, and more particularly, to a • 

valve mechanism incorporated within such' connector for 'enabling a fluid 

interconnection to be made therewith without the use of 'a sharp cannula 

S Injecdoc sites for injecting or removing fluid frond *a' system, such as an 

IV infusion set connected to a •patient, or a fluid reservoir, or drug vial, are 

well known and widely used. Conventional injection sitds generally involve a 

pierceable septum fanned of an elastomeric material such as latex rubber or 

the like, captured in ah access port. The housing of the septum may, for 

10 example, be the Y'body of a conventional Y-siw component of an IV delivery 

sec A sharp cannula is inserted into the -access port piercing tjie septum to 

position the distal, open .end of the w "*"b past the septum to make fluid 

connection with the interior of the access port. Upon withdrawal of the 

• , • » ' 

sharp cannula, the. elastomeric septum reseals itself thus maintaining a sterile 
15 enviro nment within the housing of the injection site. The outer surface of 
the septum' of the injection she is wiped with an antiseptic before each to 
prevent septic agents from being drawn into the access port by the piercing 
movement of the needle. 

* * 4 

More itcendyj'conncctors for accoauaPdoing the injection and 

• i 

20 withdrawal of fluids without ' the use of sharp cannulas have been put to use 

in Increasing numbers* This is due, at least in part, to concern regarding the 
, • * 

possibility ofthe transmission of blood-borne diseases through accidental. 

needle punctures of person; handling the sharp cannulas. Connectors having ' 

no sharpened s u rfaces am desirable because such hazard is thereby eliminated. 

• • 

25 However, some jopylng needle! css connecton suffer from various 

shortcomings., For example,' relatively complex confirmations employing a 
large ntynbef of parts vediHtcuh to manufacture and assemble* This not 
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only Increases con* but may pose problems In service. Additionally, <^m^ l r 7r 
systems may not be Intuitive to use which may prove distracting and 
therefore undesirable In the typical hospital rooln environment. 

A further concern in the design of needleless connectors is the order of 
tytoxs in which the connection is made. For example, allowing fl»«d ^ 
escape or air to enter during Interconnection due to the female c onn e c tor 
being opened before the male connector is sufficiently seated, is undesirable. 

Additionally, some existing connectors accommodate a relatively large 
interior fluid volume requiring the Injection of a commensuntely large 
volume of -fluid just to fill and prime, the connector. If riot taken inro 
account, this fluid yohiroe can detract from the volume of medicament 
injected into the pzdept and may be clinically significants’ An inconvenient 
separate flushing procedure may be required in low dose injections or in the 
injection of unstable medicines dir? to chh relatively large interior volume. . 
Moreover, relatively complex geometries and. die use of springs and the like 
in the wetted portion of the connector interior may gh?e rise to “dead spaces 7 
where fluid tends to* linger due to poor flu thing, Dead spaces give rise to 
problems similar to those occasioned by large interior volumes, again 
resulting in the inconvenient requirement of flushing. • 

Where metal components, such as metallic springs, are used In 
connectors,- the metal components can interfere with rnagn.»ri(- resonance 
imaging .used in hospitals. A farther difficulty with the use of coiled metallic 
springs is the care dial must be taken during manufacture. Allowing coiled 
springs to come into Contact with each other while awaiting .assembly fan 
25 the vdves may remit in the springs becoming entangled with each other 
necessitating fardber before they an be rnffal lH . 

Furthermore, it is desirable that ncedlelca connectors be configured so 
chat they can be easily cleaned by an antiseptic tripe, or otherwise sterilized.' 
prior to making a connection. All exterior surfaces that may be Involved in 
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tlie transmission of fluid should be readily available for cleaning prior to the 

c o n nec t ion being made* Some prior Connectors have a mall sift or fissure 

defined by a clearance between pasts. Such j feature is difficult and 

inconvenient to dean in attempting to sterilize a connector. Alternatively, 

connectors requiring a cap to maintain a sterile connection port prior to use 

* are undesirable because the extra steps involved in removing and replacing a 

cap are inconvenient,* while the manufacture of the cap adds expense. 

The ability to accommodate a high fluid-flow rate is also desirable In a 

needleless connector. Physicians in’ certain sanat ions order the administration 

of medicaments at high flow fates. Some prior connectors'have restrictive 

geometries that limit their flow capacity such th»r administering fluids all high 

rates is impossible. The use of tortuous flow paths through a connector or 

multiple openings through a movable valve device through which the fluid 

must flow can result in a redncuon of the rated flow rate for the 

connector* With some restrictive geometries, higher flow, rate requirements 

may* not be possible under gravity head flow conditions and a positive 

pressure pump may be needed. Such connectors would be undesirable where 
• . . • • * • • • 
pumps are not available and the usefulness of such connectors would be 

severely limited. The increase of flow rue capability and elimination of die 

20 tortuous fluid path can also facilitate priming of the connector and reduce 

potential blood hemolysis. 

In addition, the performance of connectors incorporated into IV 
. administration sets and used to allow automatic piggyback administration of 
medicaments becomes degraded when high flow rates .through the connector 
cannot be accommodated. If high flow rates through the Uonneetor cannot be 
ac co mm odated, automatic piggyback fates using infusion pumps roust be 
limited to relatively low infusion rates. Otherwise, accidental simultaneous 
flow of primary fluids may occur when normal head height differentials are 
used between the primary and piggyback containers. Higher flow rates 
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through (txe uecdldcss connector allows falser flow rates of automatic 
piggyback administration without the possibility' of accidental simultaneous 
flow of primary fluids. 

* A further contSderttfon in the design of a connector is Us compatibility • 
* ^ * 

$ with other conneoon. la those eases where a cmwh is' mounted internally 

in a needleless connector to slide inside the fluid port of a male connector 

inserted into the ncedleless connector to establish the flow 1 path, the outer 

diameter of that caaaiila must be closely controlled so thai rt fan successfully 

mate vhb^a wide range of male onuieaoR. Kicking it too huge may result 

10 in interference with certain male connectors thus tendering them unusable 

with the ncedleless connector. However, making die oilier d iameter of the 

rartirwla too small oerulii in reduced fluid flow rates through the cannula. 

Additionally* *h» internal cunuliin the connector can damage the 
valve: itself* h pyictihf t the cannula can pierce, cut t or tear a rubber piston 
.15 or sfptMtn fm T ? r rescalability . of the vdv*- The 

cannula could also create particulate by tearing off portions of th q rubber 
.piston or septum when a male luer is inserted into the connector. This may 
occur where the bareof the male her interferes with or ts. closely shed with * 
the cannula and creates a punching action that removes a piece of the rubber 
20 * septum. Consequently \ it is desirable to avoid such configurations. 

Hence, those concerned with the development of connector? have 
* recognized the need for an improved needleless connector chat has a relatively 
simple consmicttoxrwuh a small number of parts, that avoids the entry of air 
when the initial connection is made; this has reduced flushing requirements, 
25 that can be easily prior to use. and that permits a .relatively high fluid 

flow race* The present invention fulfills such needs and others. 
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' SUMMARY OF THE INVENTS 
briefly, end tn general terms, the invention is directed to a ueedlclcss 
' / connector incorporating a yajve therein that is constructed of a small numb er 

of parts of relatively simple design, is relatively inexpensive to manufacture, is 
, j ® easy and intuitive to use, is easily cleaned, and does not require a protective 

cap. Moreover, a device in accordance with the invention accommodates a 
, | relatively high flow rate and has minimal Interior fluid volume and "dead 

spice.* 

• Marc s p e ci fica l ly , the connector of the present invention comprises a 

1° • hollow housing having a connection port, an exit orifice, afir« section of a. 

preselected cross-sectional shape and size disposed adjacent the 
connection port, and a second section of a second preselected cross -section al 
• shape and size. A deformable piston head having a tore is rettived within 
, the housing so as to be movable between the'fint and second sections . 

• ; 15- Positioning the piston head within the first recrioa cause* it to be deformed' 

so as to oedude the bare while positional the piston head within the second* 
, . section allows the piston head to assume its uo-deformed state in which the 

; bore is open to provide a fluid flow path between the connection port and 

i ' the exit orifice. A dditional ly, . the connector comprises means for biasing the 

'! -20 piston head into the Sin section so that the bomb occluded. 

In further aspects, the'pbton head is elliptical in cross-section and the 

first srttion of the housing b circular in crou-section. Additionally, the bom 

formed in the piston head has a marquise-shaped cross-section, Le^ of pointed 

• • . efliptial cross-section shap e when the piston head is in its un-deformed* state, 

25" having its major azboricntedperpendjciiiariy to the major axis of the 

\ { elliptical crosssection of the piston head 

• In another aspect, the piston isan 'element comprising a rubber 

I.; molding that simultaneously serves multiple functions, The top pm of the 

pbton element includes the piston' head that is elliptical in shape and has the 
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marquise-shaped bore fanned along its longitudinal axi s , The marquise* 
thaped bore and the elliptical oute? dupe of the piston head are oriented in 
relation to each o.ther rich that the major axes of their respective efliptied 
. dupes are perpendicular to one another. Thepisionjieadit connected to a 
3 res ilient bottom part of the piston element that is generally accordioned in 
shape and collapsihle. The bottom put thus functions as a compression 
spring that luges the piston head, into the first section of the bousing. 
Additionally-; the interior of the entire piston dement serves as a fluid pith. 
Alternatively, the bottom pert of the piston element may be farmed as in 
10 extension spring, such a« a diaphragm. 

In a further aspect; the bore diameter of the housing steps down near 
the connection port such that the normally eQipocal' piston head, when 
received therein, if compressed into a circular cross-section thereby 
th^ marquise-shaped bore to be squeezed shut The spring action provided by 
15 the collapsible accordioned end o/tbe piston or by the stretchable diaphragm 
' configuration-serves to bias the -piston head toward die connection port to 
• maintain it fa fa closed configuration. 

In yet a further' aspect, the piston efament includes a tapered 
, ramp/lock- section that engages a portion of the housing to limit the 
20 movements of the piston so that it is flush with the connection port in the 
dosed configuration!, fa this position, the smooth Bat . top surface of die' ' 
piston head is flush with the. connection 'port thereby eliminating the 
possibility of pooling between the piston and the housing and rendering the 
device easier to disinfect. 

25 Id yet a farther aspect, a taper lip seal located under die piston head 

and about the piston bore teals the bote so dm it can withstand substantial • 
internal pressures. 

fa additional mote d et ailed aspects, as an external fluid conduit device, 
such as a male luer, is brought into contact with the top surface of the piston 
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25 


t “ d ’ a “ fonned "*» before the fluid path into the piston end housing 
is 1 Opened to prevent any fluid, from leaking out or air leaking in. .Upon • 
further insertion of the Blit hicr into the housing, the piston h»«d {$ pushed 
into the housing against the bias provided by hs aocoidioned section. This 
5 • causes the piston head to be positioned within a section of enlarged diameter 
in die housing thereby allowing the piston head to ‘assume its 
elliptical state which causes hs mar^iiuse-shaped bore to open. A fluid path it 
. *lwrehy opened through the piston .head, through the interior of the 
, accordioned section of the piston and Into the distal section of the housing 
without the need for the male luer to penetrate into or though the piston'' 
hod. * • ' 

. In further aspects, the distal section of the housing may comprise a Y- 
-site, J4oop, T-copnectcx,. PRN adapter, or any of a variety of other 

• configurations. . * 

These and other features and advantages of the present invention. «>11 
biKOme apparent from the following detailed description of preferred . 
embodiments which, taken In conjunction with the accompanying drawings, • 
illustrate by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE PRAWPres 

FIG. 1 is a perspective view of a ponaectnr incorporating p rinci ple of 
the present invention; 

FIG. 2 is an' enlarged cross-sectional view of the connector shown m 

• FIG. 1 in its dosed position; ■ 

FIG. 3 is an enlarged cross-sectional .view of the connector diown in 
FIG. 2 with a male connector inserted in the connector's connection port, 
thereby moving the piston of the connector to hs open position; 

FIG. 4 Is a cross-sectional view of another embodiment, of a connector, 
incorporating principles of the invention and showing & in in closed position; 
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FIG. 5 is a crasttecdoaal view of the connector shown in FIG. 4 wait * 
a male connector inserted in the connector's connection port thereby moving 
the piston of the connector to its open p/M in^n; 

! FIG * 6 ** * funher enlarged cross-sectional view of the Juer adapter 
5 component of the connector shown in FIGS. 1 through 5; 

FKK. 7a and 7b are further enlarged croK>*ecuonal side and top views 
. of the piston component of the connector shown In FIG. 2 with the views 
routed 90° from each othfif; 

FIG. 8a Is a crasMeoional view of an themative embodiment of a 
10 connector incorporating principles of the invention- 

FIG. 8b is a ferther enlarged cross-sectional view of a portion of the 
connector of FIG.- 8a showing the piston with an inserted male connectors 
^ k a ^ready enlarged crosssectional view of an alternative 
embodiment piston head; 

. 15 FIGS. 10a through lOd present different configurations of a piston 

.clement usable in a connector of the present Invention; 

HGS. 11a and lib illnstrpe cross-sectional views of an alternative 

embodhhenc of a connector incorporating principle of the present invennon 

in which a center post Is included. FIG. lib presents the view of FIG. JU 
20 taken along lines llb-Ub; • . 

FIG. 12 is an enlarged cruifrsccrionai view of another alternative 
. embodiment of a connector in accordance with aspects of the invention; *nd 
. . FIG- 13 is an enlarged CMcfrsecdotul view 0 f the connector shown in 


25 


FIG. 12 -with a male connector inserted for fluid , commun icati o n. 

DCTAimnscffiTp-npN ofwhtto red embod 




Referring now to the drawings in 'which like numerals refer to like or 
. corresponding elements among die several figures, there is illustrated in FIGS. 
I through 3 a Yoonnestor incorporating a needleless valve embodying the 
principles of the present invention. This particular connector configuration 
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■was selected for illustration purposes only « the subject needleless valve can 
be embodied la 'any of a variety of conne ctors including, but not lipfted to, 
Jdoope, T-Conaecton, Tri-connectors, PRN adapters, luer-Iocks, dip biers, 
nibing engs^-iitm devices, access pins, arid qthexs. 

5 As iy shown in FIG.. 1, the Ycoaniactor 12 comprises a housing M 

terminating in an exit pan 20 and having a Y-bmch 21 with a Y-branch port 
22. This particular embodiment also comprises a luer adapter 16 forming-* 

.pan of the bousing aadthxt adapter includes a connection port 18. Tbc 
adapter is configured to receive all ANSI standard male luer finings, as well as 
10 oihiu blunt cannulas or fluid conduit devices. In its unaccessed state or dosed 
position, a piston head 24 located internally to the housing is finch with the 
surrounding connection port 18 and has a rigbdy dosed orifice 26 at its 
center. 

FIG. 2 shows in . enlarged cross-section the Y-connector of FIG. 1 with 
15 the needleless vdwe in its dosed position. The Y<bnach, 21 leads to the Y- 
b ranch port 22 and the distal section 19 of the housing 14 extends between 
the Y-branch and die exit port 20. The bousing 14 includes a tabular Section 
28 having a circular croiwecuon, an exit orifice 30 at its base 31, a support 
tube 29 extending upwardly from the base, and a-groove 32 formed in the 
20 base surrounding the support cube. The exterior surface of the tubular. 

section 28 near its proximal end is stepped slightly inwardly 34 to receive the ' 
bier adapter 16 thereover and provide ultrasonic weld geometry. 

Alternatively, the adapter and the housing may be joined by a spin weld, snap 
fir. by bonding, or .by ocher means. 

. 25 - FIG. 2 additionally shows die piston dement 44 in place within the 

bore 33 of the tubular section 28 captured between the bier adapter 16 and 
the bse 31. The piston clement 44 indudes a total of four bellows. Tbc 
alternative embodiment illustrated in FIGS. 4 and 5 is simflar to the 
embodiment shown in' FIGS. 2 and 3, with the exception rhat Af support 
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tube 29 bat been deleted, and the piston element 44a Has a total of Eve 
bellows of shallower angle. 

As b dlcsuatcd a FIG. 6 , the interior of the hier adapter 16 has 
sections of vuious-diaffiGters* The section directly adjacent die conoecdon 
5 port 18 comprises a standard ANSI luer taper section 98 that incorporates a 
very slight inward taper. The center section 40 has a substantially larger 
diameter and is separated from the taper section 38 by the tapered ramp/lock 
lettion 42. Additionally, the innef Amwf of die center section 40 is 
slightly larger than the inner diameter of the tubular section 28 of the body 
10 14 for reasons discus s ed below. Finally, the frier adapter 16 includes a skirt 36 

that is dimensioned ‘to fit ewer the stepped proximal end 34 of the tubular 
section 28, to provide ultrasonic weld geomeriy.- The adapter 16 may be 
molded of a material containing a phosphorescent colorant .to fencin' the 
connector viable in a darkened room. 

IS . As is generally shown in FIGS. 2 through 5, a resfliendy deformable 

piston clement 44 and '44a is captured between the base 31 of the tubular 
section 28 and the iuer adapter 16 in the bon 33 of the housing 14 . While 
the. details of its structure vary slightly from embodiment to embodiment, the 
views of dement 44a shown in FIGS. 7a and 7b serve to illustrate many of 
' 20 .the common features! The piston demeat's structure 44a which is molded in 
its entirety of rubber in this embodiment generally includes a piston 46 and a 
compressible season 48.' The piston 46, in rurn/iadudes a piston head 24 

that .is elliptical in crass-seeried and a thick taperlock portion. 50 that is 

• * 

circular in crossoeettOn- A marquise-shaped bon Sib formed along the 
2S longitudinal axis of the piston head 24 and terminates in an orifice 26 at its 
•• proximal end' and a taper lip seal S9 ft its dotal end. The taper lip seal 59 
comprises a pair of lips 54 that extend from opposed sides of the bore’s sides. 
The lips comprise conical sections that extend from, the bore’s sides 10 
function as a Seal. The angle of the taper b selected, so that internal pressure 



R-99X y ’ 1 408 736 8762 05-13-98 08:01AM P013 #17 


05/ia +8ft LIBRflRY 811 ® * AAW ^ P.14/26 141014 

r ' 

*• * . 

i • 

i, i 

? 2175021 

Docket ^o. 36416 u 

::: ’ • • • 

S otiraog In the vtfv* when the pinoo is in dx ebsed sure vould force the 

. lips tovard 01 \e another iherby holding rht bore closed. 

• A* is apparent when comparing FIGS. 7i sad 7b, the toarquiie^biped 
bore 51' is oricoud such that its major *ris S3 is perpendfcuhr to the major 

5 axis 55 of the dQiputtlfy'duped piston head. Additionally, the transitional 

section S7bet««ea the pucon head 24 and the taper lock portion 50 is 1 

dliptical and conical in shape wherein the major axis of such ellipse Is parallel 
to the major axis SS of the piston head and perpendicular to the major axis S3 

! . of the bore 51. This geometry further atsim in naturally b i as in g t he 

t « g # 

*10 marquise-shaped bore inco'its open position. Tbit elliptical shape creates an 
outward force parallel to (lie major axil of the *n«p*>*l shaped piston head 
and an inward force parallel to the minor axis. The inward force tends to 
compress tjie piston in a direction perpendicular to hs major axis usd thus 1 
tends to pull the cu/quisp-shaped bore open when a maj* kier applies force to 
15 the top of. the piston moving the piston into the center section 40. of the 
adapter 16. 

The taper-lock portion SO of the piston element 44 is fairly thick in 
, Cider to prevent it from being compressed. This thicker section helps to hold 
the piston in the valve ax higher internal pressures and also acts as l.divider 
20 between the spring action bdow and the opening and closing of the marquise- 
shaped bore above. * Although thepfccoQ element 44 is seated* in the base 31 
of the housing tightly, extreme internal pressures may provide* a substantial 
force xo push the piston element 44 out of the housing 14 thereby destroying 
hs integrity. This thickened portion SO of the piston element provides added 
25 assurance that it will not compress under such forces and will hold 

the piston .in position in the homing, 

FIGS. 8a and 8b sQustrste an alternative embodiment wherein* the innr/ 

• diameter of the tubular section 28 is sufficiently reduced relative the inner 
diameter of the tenter section 40 6f the adapter 16 to accommodate an 
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inmilar groove 35 formed in hs proximal edge Section, of a circular groove 
37 are formed on each end of the major axis 5S of the bottom of the.elliptieal 
piston head 24 to provide hooks 25; The hooks are configured so at to 
engage the groove 35 in die tubular section. puce the hooks have engaged 
5 the groove as a result of the male luer 62 pushing the piston 24 farther into 
the adapter 16, the hooks wfll oppose further movement of the periphery of 

d>e piaon and will r«uk in any further male luer forces causing the tore 51 
to open wider, as shown in FIG. 8b.. 

^ « ft 

FIG. 9 iuustrates an alternative embodiment wherein a pair of flexible 
10 flaps 55 extend from about the bore 51 to improve the internal pressure 

h a ndling capability of the piston 24. The angle of. the flaps is selected so that 
internal pressure existing in (he valve when the piston is in iis closed state 
would force the flaps toward one another thereby holding the bore 51 closed. 
In another embodiment the flaps may be made thinner and longer. They 
15 may then function as a cheek valve when the piston is in its open state. 

Returning now to FIGS. 7a and 7b, the bore 5!, in conjunction with 
. hollow interior of the taper lock section 50 and the hoRow interior of the 

. compressible section 48, forms a fluid pah through the entire piston element- • 
44. The compressible section 48 may comprise an accord! an ed configuration • • 
** showo m FIGS. 2*5, 7a, 7b, and 8a or, alternatively, an annularly or 
helically- ribbed structure that sioulariy allows for the controlled collapse of ' 
the structure along its longitudinal axis to generate a restoring force. Some 
alternative embodiment. «re illustrated, in FIGS. 10a through 10d and show 
possible variations in the number, site, and configuration of the ribs or 
25 bellowa. Different shapes of the piston dement may he used to improve flow ' 
rate, activation force, spring return rite, sealing, piston retention, and 
acceptance of blttflt cannulas. The ptston geometry variations codd also 
Improve the valve function with fluids that easily solidify by removing 
internal annular grooves and pinch point areas. Modifications include 
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changing the number of hdl^ ribs. wall dfrW ^ r • 

duromcter, color, and geonoiy. Pinch point areas-are formed (root the, 
accordioaed folds chat come together upon compression of the piston and 
could, under certain conditions, trap solidified fluids to interfere with Ore 

S compression of the piiton. 

Iq parfkuiv, RO. 10a shows a compressible section having five 
bdlow, « per 1^. 4. 5. 7, and S wbich xetjuire a reduced activation force. 
nG - l0b sd * 0w * a tonipressihle section having an external ribbed structure, 
wherein the eompressed'shape has no pinch points, FIG. lOe shows the 
10 compressible section of the piston element with straight, walls t» increase 
aetivauan force and reduce pinch point*.' FIG- Wd shows a compressib le 

. provide a *mo^ 

increase the floy rate. 

Returning again to FIGS. 2, 3, 7a, and 7b, the distal cod 45 of the 
• 15. comprosrible section 48 is received in the g^ove tt in thn base'll of the 

• ‘ . tubularsection 28 tp form a tight real about the supporx tube 29 and the exit 
orifice 30. The piston element is lubricated with FDA approved silicone oil 
to £uijiiatc movement of the piston within the connector and to prevent the 

bore SI throngn'the piston .head 24'fram being sealed closed during . 

20 , sterilization. 

In the alternate embodiments illustrated In FIGS. 11a and lib a 
*upport structure, in the form of a flattened post 6), bias been added to the 
interior of the tubular scoion 28 so as to project into the compressible 
section 48 of the piston 46. The post has a rounded tip 61 that extendi into- 
25 the bore 51 of the piston element 24 upon depression of the piston 44 to 
rti-f. at its opening. Clearance between the Post*! rip 61 and the pofoicd •' 
erds of the nuryjswhapcd bore 51 fttflliatCS flqw thereby, while clearance 

between the thinner dnnaision of th# fladfoed post 63 and the Interior 


P. 16/26 

H 
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lurfioe of die collapsible section 48 allows for the flow of fluid into die exit 
ori£ee.30L 

FIGS. 12 and 13 tDnstmc a farther alternative embodiment wherein an 
extension spring in the form of a diaphragm 64 serves to bufthc piston 46 
5 into its dosed position, rather than die compression spring approach shown 
in die other figures. The diaphragm 64 extends from the base of die taper 
lock section SO' and has an angular bead 66 formed about its periphery. Such 
bead is captured between the luer adapter 16 and theproximal edge of the 
tubular section 28. Grooves are fended in these respective elements to ensure 
10 a positive grasp of the bead dement .66. The position of the bead 66 relative 

its point, of attachment, to the taper lode section 50, and the sizing of the 
diaphragm 64 ensure that the diaphragm is predoaded such that it biases the 
tapered shoulder 56 of the piston 46 into contact with the taper lock section 
42 of the adapter 16. 

15 - Turning now to a more d milid- dhcmsjpn of the operation of die 

. valve shown in the various figures, the dimensions of the elliptical piston 

head 24 end the marquise-draped bore Si are selected such that when the head 

* , •• 

is constrained into die circular interior of the -ANSI bier taper’section 3B of 

die luer adapter 16, the bore is completely collapsed to tightly, close off the 

• • m 

20 orifice' 26 and cause the adjacent lips' 54 of the taper lip seal 5? to abut one 
another. ' The tapered shoulder 56 of the taper.lock' section SO contacts the 
ramp/lbck Section 42 of the adapter 16 and prevents the . top of the piston 
head 24 from extending beyond dm connection .port 18. .Tie, internal 
diameter of the center section 40 of the luer adapter 16 is sel ected such that 
25 .the piston head 24 k free qa attupie jg elli ptical shape when positioned 
therein. This, in turn, allows the bore 51 to resume its natural marquise* 
shape thereby opening a fluid pads through the piston and the connector. 

Referring. now to the embodiments shown in FIGS. 2-11, the needle! ess' 
connector is initially in in unyccesscd state or dosed position as shown in 
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iaremal diameter allows the piston head to « wmr its naturally elliptical open.' 

shape- This, in turn, allows the bore 51 to «y?tn» its natural itipjiiiV ship c 
theieby opening a fluid path through the piston .head Conrinuedpressure by 
the male luer Causes the piston head to be advanced into the tubular section 
5 28 of the - main body 14. 

In FI05. 8a 'and 8b, the slightly reduced inner diameter of the tubular 
season 28 relative to the diameter of die center section 40 of the adapter 16 
serves to further enlarge the orifice 26 of the bore 51 by forcing rubber 
. • material up around the outside of the male rip 60. The hooks 25 formed in 
10 ' the bottom ct^e of the.taper lock section 50 engage an annular groove 35 to 
positively pull the bore 51 open. The center section 40 of the luer adapter 16 
may be formed to have an elliptical shape wherein hs minor axis is tiled '• 
slightly smaller than the minor axis of die piston head 24. This serves to 
compress the piston. head along It* minor axis further ensuring that the bore 
15' retains its fully opened shate. In the alternative embodiment shown in FIGS. 
1U and lib, slight penetration of the rounded rip 61 of the post 63. into the 
bore 51 positively ensues the opening of the bora. The fact that the rip is ' 
rounded and of relatively small diameter prevents it from damaging (he- 
paran. It has been found that the embodiment of the post 63 shows do es 
20 not eut, tear, or cause a punching action on the piston when the piston is ' 
moved into contact with the post 63. 

In thii position, the connector is fully accessed to provide a shore, 
straight, unobstructed fluid pads through: the connector. At no rime does 
flpid flow, about the outride of the piston'element on its way through the 
25 connector. A "residual” volume, i.«, the volume between the male (uer and 
the exit orifice, of.re litdc as 0.04 ml is attainable. Air leakage, or the entry 
of Contamination,' as well as the escape of fluid from the devicc. is precluded 
at all times. 
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fa the emlwdim^ shown in FIGS. 2 and 3 and tfa alternative 

embodiment dum in FIGS. lie. lib. the support tube 29, and the center 
post 63, respectively, serve to prevent the compressible section -48 f ro m 
bodduqj and dosing off the Quid path. The flattened crois-eecdonal shape of 
• 5 the pots 6] ensures adequate clearance adjacent (he compressed accordioned 
tectioQ 48 to proride far flow at all tunes. In the embodiment shown in 
FIG. 3, fluid is (£imed through the center of the support tube 29. 

As the male her a withdrawn, the biasing force generated by the 
compressible section 48 of the piston element 44. or the stretchable diaphragm 
10 64 of the alternative embodiment shown in FIGS. a and 13. maintain s 

contact between the piston head 24 and the mdeloer tip 62 . The slightly 

larger diameter of the center section 40 of (he her adapter 16 (FIG. 6) relative 
to the totfnilar section 28 causes the piston taperlocfc section 50 to freely 
move into position with the shoulder 56 (FIG. 7a) abutting the ramp/lock 
15 section 42 (FIG. 6). Simultaneously, the elliptical piston head 24 is gui&td 
into -the AN5I luer taper Section 38 by the tapered nmp/lock sec t ion 42 
where it is once again forced into die constrained circular shape of the ItiiSL ” 
liter taper section tb close off the bore 51 and reestablish a positive seal A 
similar operation occurs with the embodiment shown in FIGS. 12 and 13. 

20. While particular forms of the invention ha ve been iUusinted and 

desenbed. it will also be apparent to those skilled in the arc chat various 
modifications can be made without departing from the spirit and scope of the 
invention. Accordingly, it is not iatended tltac the invention be 
except by the appended data* ’ 
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1. A oeedUlcn connector valve comprising: 

. a hollow housing having i connection pore and exit orifice 
•herein the housing indudes a Cm section of a fine preselected cross- 
.sectional shape and size disposed directly adjacent the connection port and a 
• 5 second section of a seeoed preselected crosasecrional shape and size situated 
adjacent the first section; • 

a fcsfliently deformable piston head, having a bore formed 
therethrough, received within the housiog.so as to be shiftable between the 
first and second sections, wherein positioning of the piston head w itfa the 
10 fiist section causes it to be defonned so as' to ocdude'the bore while 

poshihaiag of the piston headtfthin the second allows the piston 

head co assume its undeformed state in which the bore is mwwfadid to 
thereby provide a fluid path between the connection port and the «wt or ifice; 
.and 

15 means for biasing the piston head into the fust section to close' 

off the fluid path. • 


Z . The needleless connector valve of claim 1 wherein the piston 
head ts elliptical in cross-section, and the fine section of the housing is 
circular in crotaoection. 

3. • The needleless connector valve of claim 2 wherein the bore ’ 

formed in the piston £ead has a maiipiisedttped cross-section having its 
eoajor axis oriented perpendicularly to the 'major axis of the dli ptkal cross- 
Section of the piston head: 
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♦. The aecdlclcss connector vibe of daim 3 . wherein the jecond 

section of the homing is circular la eromseaion and wherein die diameter of 
the second section is greater chan the diameter of the Cm section. 


' S. The needlelcss connector valve of data 4 wherein a 
frosbconical section separates the first and second sections of the housing, 
and wherein the piston, head has a tapenlock section extending distally ’• 
therefrom that conforms to the fruscocnueal section so as to, limit proximal 
5 movement of the piston head to a position flush with the surro undin g 
connection port, 

6, The a ec d l clcss connector valve of claim 1 wherein the biasing 
means comprises a hollow resiUcndy collapsible member extending distally 
from the piston head and tealmgfy seated about the tide orifice. 

7 . \ The oeedlelcw c onnector valve of data 6 wherein the hollow 
collapsible member comprises a fluid path between the piston head and the 
exit Orifice. 


B. • Tie needieless connector vatapf data 7 wherein a.taperlock 

section of circular cnoss-seoion is disposed bexweep the piston head and the 
resiliepdy collapsible member. 

; 9. The needldeis connector valve of data 8 wherein a section 
e lliptic a l and conical in shape is positioned between said piston and said 
taper-lock section. . . 
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10. The aeedldess connector Valvs ofdaim 9 wherein the puton 
head, .the taper-lock taction and the resdicmly coIUptible member comp rise a 
tingle rubber molding. 


11. The needlelesi connector valve of du'm 10 wherein a taper lip 
seal is formed about the distal end of the bore. 


.* 


I 





I 

j! 

i-: 


i 1 

!i 

*1 


I 
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12. The aeedldess co nnect or valve of claim 1 wherein the 
connection port is dunmtiVuicd to receive a male bier. 

13. The oecdteless coonehor.valve of daim 12 wherein the housing 

includes means for enabling the luer to lock the t e to. 

* % 

14. A ocedleless connector valve, comprising; 

a hollow housing having a connection port and an exit orifice 
wherein the housing includes a first section of circular cross-section haring a • 
first diameter disposed directly adjacent the connection port and a second 
5 section of circular ercroectioa hairing a second diameter larger than the fim 
diameter disposed adjacent the first tM- rfon; 

a resjUendjr defo rmable piston head of elliptical cross-section, 
having a bore formed therethrough oriented slang its longitudinal axis, 
received within the housing to as. to be shiftable between the first and second 

10 sections, whesem.porftionkg of the piston head in the fint section causes h . 

' to be deformed so as to have a circular crosseectiea thereby occluding the 
. bore extending therethrough while i ws * w ""ing of the piston bead ib the 
second Section allows it to assume its un&foiped elliptical shape in w hich 
the bore atte ndi ng therethrough Is un -occluded to thereby provide a fluid 
IS path between the connection port and the esc orific e; and 

- * • 

It 
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n 


means 


, ■ - -I “**» die fim section to dose 

o die flwd path hereby msemcn of a fluid conduit device' into the 
“aoectioa pen serves to shift the piston head ; 
open the fluid path. 


I into the second section to 


' £ JS * Tds n ^ dIde « connector valve of claim 14 wherein the bore 
formed in the piston has an eUijjricd CmsMectioa having Its major axis 

perpendicularly oriented relative the major axis of the elliptical cross*eaion 
of the piston head 


16, The neediest connecter valve of claim 15 wherein the h^y . 
meaaj comprises a hollow reriliently collapsible, member emending distrily 
• “° m *** Pi* 1011 4nd sealingly seated-ahout the exit orifice. ' 


17. • The needleless connector valve of daim 16 wherein the biasing 
means comprises an aecoidioaed structure. 

1*. . The needldess connector vaKe'of dain» 17 wherein the piston 
head and the resfliendy cdlapaUe member comprise a single rubber molding. 

19. The needleless connector valve of daim 18 further comprising a 

taper lip seal positioned about the distal end of the bore extending through 
the piston head. * “ rOT * Bn 

• * i « 

20. The need ld ess connector valve of dak-- .18 wherein the piston 

head has a flat proximal surface, and flutter comprising means mlimk 
movement .of the piston head hi a proximal direcdo.: to a position wherein . 
the flat surface it flush whh the connection pore, 





I 
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<' 2! ' The connector valve of claim IS wherein die 

collapsible member is i*ll ov and provides a fluid path between the piston 
head and theexit orifice. 

22. The oecdUcft connector vahe of claim 21 wherein the 
connection port i is dimensioned, to receive a male lucr. 

, I 

i • 

23. The needleless connector valve of claim 22 wherein the .Louring 
includes meant for enabling the lucr to lode there to. ; 

24 ’ A mechanism for incorporation within a connector device 
having a bore formed tfeirein emending between a connection port and an 
exit orifice, wherein the bore bar a first section of reduced c^meter directly 
adjacent the connection port and a second section of enlarged diameter 
$ distally adjacent the first section, compri sing 

• a rejfliemly deformable piston head of elliptieaj aoss^eedoa 
having a bore extending therethrough, wherein the piston head is disposed 
within the connector device so as to be shiftable between the first and , econt l 
sections, and wherein positioning the piston head within the fust section 
10 causes it to be deformed to a circular shape to occlude the bore extending 
therethrough 'wbifc positioning the piston head in the cecond’stcrion allows 
the piston head t.o assume its unrdefonned elliptical shape wherein the bore is 
.• un-oeduded to provide a fluid path from the connection port to the exit 

! orifice; 

• 15 means for biasing the piston head to position in the first section 

to dose off the fluid path whereby insertion of a fluid conduit device into the 
connection port serves to shift the piston head into the second section to 
opeatltt fluid path. 
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25. The valve mechanism of claim 24 wherein the bore extending 
through the piston head is mirquise-shaped is cross-section hiving a' major • 
axis oriented perp e ndi c u la rl y relative the major axis of the elli ptical piston 
head. 

* t f 

• 1 

26. * T|« valve mechanism of diin 25 vfaeieia the bias means 
comprises a Ksflieatly collapsible extension of the piston head. 

27. • The valve me c hani sm of claim 26 wherein the collapsible 
extension is hollow to provide a fluid path between the piston head and the 
exit orifice. 


25. The valve mech a n i sm of duet 26 further comprising means foe 
preventing the biasing means from extending .the piston head beyond a 
position flush wah the connection port. 

25. The valve mechanism of claim 26 fiuther comprising a taper lip 
seal positioned about the distil end of dm boi» winding rhrwqgh 
bead. 
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